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nest	 survival.	 Viewed	 in	 total,	 evidence	 for	 a	 ubiquitous	 biological	 effect	 of	 grass	
height	on	sage-	grouse	nest	success	across	time	and	space	is	lacking.	In	light	of	these	
findings,	 a	 reevaluation	 of	 land	management	 guidelines	 emphasizing	 specific	 grass	
height	targets	to	promote	nest	success	may	be	merited.
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cup-	nesting	 songbirds	 supported	 an	 effect	 (Borgmann	 &	 Conway,	





have	 returned	 mixed	 support	 for	 the	 nest	 concealment	 hypothesis	
(e.g.,	Bengtson,	1972;	Howlett	&	Stutchbury,	1996;	Latif	et	al.,	2012;	
Peak,	2003).	Numerous	 intrinsic	and	extrinsic	 factors	may	 influence	














ground-	nesting	 species	 of	 conservation	 concern	 inhabiting	 sage-
brush	ecosystems	of	western	North	America.	Although	sage-	grouse	
nest	 beneath	 shrubs—primarily	 sagebrush—perennial	 grasses	 and	
forbs	 in	 the	 interspaces	 between	 shrubs	 have	 long	 been	 thought	
to	 provide	 critical	 concealment	 of	 nests	 from	 potential	 predators	
(Connelly,	Schroeder,	Sands,	&	Braun,	2000).	This	hypothesis	is	sup-
ported	 by	 studies	 reporting	 positive	 associations	 between	 height	
and/or	 cover	 of	 herbaceous	 vegetation	 surrounding	 nest	 sites	
and	 nest	 survival	 (Coates	 &	 Delehanty,	 2008;	 DeLong,	 Crawford,	
&	 DeLong,	 1995;	 Doherty	 et	al.,	 2014;	 Gregg,	 Crawford,	 Drut,	 &	
DeLong,	 1994;	 Sveum,	 Edge,	 &	 Crawford,	 1998).	 Consequently,	
sage-	grouse	conservation	efforts	and	land	management	policy	have	
focused	on	 increasing	herbaceous	hiding	cover	 in	 suitable	nesting	
habitat	 throughout	 the	 range	of	 the	species.	Although	direct	 links	
between	 livestock	 grazing	 and	 sage-	grouse	 demography	 are	 lack-
ing,	 studies	 indicating	 positive	 effects	 of	 herbaceous	 vegetation	
height	 and/or	 cover	 on	 nest	 survival	 provide	 a	 plausible	 mecha-
nism	linking	 livestock	grazing	and	nest	success	 (Connelly	&	Braun,	
1997;	Connelly	et	al.,	2000),	a	key	demographic	rate	for	sage-	grouse	
(Taylor,	Walker,	Naugle,	&	Mills,	 2012).	Thus,	 the	validity	of	 infer-










measuring	 grass	 height	 at	 nests	 following	 nest	 fate	 (i.e.,	 hatch	 or	
failure)	 produces	 inflated	or	 even	 spurious	 statistical	 relationships	
between	 grass	 height	 and	 nest	 survival.	 Because	 successful	 nests	












geographically	 distinct	 study	 sites	 representative	 of	 the	 diversity	 of	
vegetation	communities,	predator	communities,	precipitation	regimes,	
and	evolutionary	history	of	grazing	 found	across	 the	 range	of	 sage-	
grouse,	we	tested	the	hypothesis	that	studies	using	biased	field	meth-




We	 employed	 the	 model-	based	 methods	 presented	 in	 Gibson,	
Blomberg,	 et	al.	 (2016)	 to	 correct	 for	 phenology	 in	 a	 reanalysis	 of	
three	 datasets	 from	 Montana,	 Utah,	 and	 Wyoming	 (Table	1).	 In	 a	
dataset	from	Eureka	County,	Nevada,	analyzed	by	Gibson,	Blomberg,	
et	al.	(2016),	vegetation	measurements	were	made	at	predicted	hatch	









a	 significant	 positive	 influence	 of	 live	 grass	 height	 on	 sage-	grouse	
nest	survival	across	two	study	areas	in	the	Powder	River	Basin	(PRB)	
in	southeast	Montana	(hereafter	PRB	North,	n	=	209)	and	northeast	
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Wyoming	(hereafter	PRB	South,	n	=	164;	Doherty	et	al.,	2014);	pre-

















where,	 for	 each	 study	 area	 and	 year,	 we	 fit	 a	 linear	 regression	 of	




both	 corrected	 and	 uncorrected	 covariate	measurements	 by	 fitting	
Bayesian	daily	nest	survival	models	to	each	dataset	(Schmidt,	Walker,	
Lindberg,	Johnson,	&	Stephens,	2010)	with	the	exception	of	data	from	
Gibson,	 Blomberg,	 et	al.	 (2016),	who	 provided	 estimates	 from	 their	
published	analysis.	In	this	approach,	we	estimated	nest	survival	(S)	for	










Specifically,	Doherty	et	al.	 (2014),	 following	 the	original	popu-
lation	 analyses	 in	Walker	 (2008),	modeled	 nest	 survival	 using	 co-
variates	 including	 a	 main	 and	 quadratic	 effect	 for	 nest	 age,	 and	
categorical	variables	 for	a	particularly	harsh	spring	nesting	season	
with	major	snow	events	that	caused	nest	abandonment	(2003)	and	
the	 two	 study	 regions	 (PRB	North	 and	 PRB	 South).	Although	 the	
PRB	 datasets	were	 collected	 independently,	 they	were	 combined	
in	 the	 analysis	 presented	 in	 Doherty	 et	al.	 (2014),	 and	 we	 com-
bine	them	here	for	consistency.	Although	it	appears	this	study	was	
mistakenly	recorded	as	having	used	a	fate	date	protocol	in	Gibson,	
Blomberg,	 et	al.	 (2016;	 Table	1),	 the	 investigators	 did	 attempt	 to	
control	 for	 phenology	 by	 sampling	 vegetation	 near	 the	 predicted	
hatch	date	regardless	of	nest	fate.	Nonetheless,	close	examination	




























per nest Data source
Eureka	County 396 2004-	2012 10 10 Gibson,	Blomberg,	
et	al.	(2016);	
PRB	North 209 2003-	2006 30 20 Doherty	et	al.	(2014)
PRB	South 174 2004-	2006 30 20 Doherty	et	al.	(2014)
Roundup 320 2012-	2015 12 8 J.	Smith,	Unpublished	
Data





























assessment	 of	 the	 influence	 of	 grass	 height	 on	 nest	 survival	 across	
datasets,	excluding	nests	from	Eureka	County	for	which	we	only	had	
data	on	the	predicted	response.	Here,	we	pooled	datasets	and	used	
generalized	 linear	 mixed	models	 to	 test	whether	 grass	 surrounding	
successful	nests	was	 taller	 than	grass	 surrounding	 failed	nests	 after	
accounting	 for	 phenology.	 Under	 the	 null	 hypothesis,	 grass	 heights	
(GH)	measured	at	nests	are	a	linear	function	of	ordinal	date	of	mea-
surement	(DAY;	days	since	January	1),	with	normally	distributed	errors	
and	 no	 difference	 between	 successful	 and	 failed	 nests.	 Our	 alter-
native	hypothesis	was	that	grass	 is	 taller	at	successful	nests	than	at	
failed	 nests	 after	 accounting	 for	 the	 linear	 function	 of	 ordinal	 date.	
We	first	used	AICC	model	selection	(Burnham	&	Anderson,	2002)	to	
determine	 the	 best	 structure	 for	 a	 null	 (i.e.,	 phenology)	model.	We	
















Smirnov	 test	 to	 examine	 if	 distributions	 of	 measurements	 differed	
between	pooled	data	sets.	A	one-	sided	test	was	chosen	to	 increase	




positive	 association	 between	 grass	 height	 and	 daily	 nest	 survival	
(Figure	1;	 dotted	 lines).	 Estimated	 coefficients	 for	 grass	 height	 using	
uncorrected	grass	heights	were	0.063	 (95%	CI	 from	0.037	 to	0.092)	
for	PRB	North	and	PRB	South,	0.099	 (95%	CI	 from	0.063	 to	0.137)	
for	Roundup,	 and	0.058	 (95%	CI	 from	0.002	 to	0.118)	 for	NE	Utah.	
Corrections	 to	measured	grass	heights	 averaged—1.32	cm	and	mean	
absolute	 correction	 (|corrected–uncorrected|)	 was	 2.08	cm,	 with	 a	
standard	deviation	of	2.31	cm.	Following	adjustment	of	measured	grass	
heights	 to	 remove	 temporal	 bias,	 we	 found	 no	 association	 between	
grass	height	and	nest	survival	 in	two	of	the	three	datasets	 (Roundup	
and	NE	Utah),	and	a	weakened	but	persistent	association	 in	the	PRB	












The	 random	 intercept	 and	 slope	 phenology	 model	 (conditional	
R2	=	0.51	[Nakagawa	&	Schielzeth,	2013])	received	the	most	support	
with	an	AICC	 score	9.64	units	 lower	 than	 the	constant	 slope	model	
(conditional	R2		=	.46)	and	was	used	as	the	null	model	(Figure	2).	The	
alternative	hypothesis,	that	grass	height	surrounding	successful	nests	
was	 greater	 than	 that	 surrounding	 failed	 nests	 after	 accounting	 for	
phenology,	was	not	 supported	 (χ2	 =	2.74,	df	 =	1,	p	=	.098).	Overall,	
median	height	of	 live	grasses,	corrected	to	hatch	date,	was	15.3	cm	
at	 successful	 nests	 (n	=	336)	 and	 15.1	cm	 at	 failed	 nests	 (n = 472; 





































failed	and	 successful	nests,	 producing	 inflated	effect	 sizes	 (e.g.,	 the	
PRB	dataset	reanalyzed	here;	Doherty	et	al.,	2014).
Taller	grass	may	be	associated	with	reduced	nest	predation	under	










et	al.,	 2000;	 Crawford	 et	al.,	 2004),	 data	 presented	 by	 Sveum	 et	al.	
(1998;	Table	2)	merely	indicated	that	cover	of	short	grasses	(<18	cm)	
was	 lower	 at	 successful	 nests	 than	 failed	 nests	 in	 1	 out	 of	 2	years	
(n	=	32	nests),	while	cover	of	tall	grasses	 (≥18	cm)	did	not	differ	be-
tween	 successful	 and	 failed	 nests	 in	 any	 year,	 even	 using	 a	 liberal	
α	 level	 of	 0.1.	 Positive	 relationships	 between	 grass	 height	 and	nest	
survival	may,	 in	fact,	be	uncommon.	 It	 is	telling	that,	when	analyzed	
together,	data	from	the	four	study	areas	examined	here	provided	no	
evidence	 for	 a	 difference	 in	 herbaceous	vegetation	 height	 between	
successful	and	failed	nests	after	accounting	for	plant	phenology	and	
timing	of	sampling	(Figures	2	and	3).
The	 research	 and	management	 communities	must	 guard	 against	
uncritical	 acceptance	of	 intuitive	but	untested	mechanistic	 explana-
tions	for	correlative	patterns	emerging	from	observational	studies	of	
habitat–fitness	 relationships.	 Within	 the	 sagebrush	 ecosystem,	 the	
broad	acceptance	that	taller	grass	causes	greater	nest	success	by	con-
cealing	nests	 from	predators	 is	an	example	of	 this	 type	of	untested	
logical	 connection,	 as	equally	plausible	alternative	hypotheses	exist.	





success	 may	 be	 positively	 correlated	 with	 grass	 height	 absent	 any	
causal	relationship	between	the	two	variables.





2015;	 Moynahan,	 Lindberg,	 Rotella,	 &	 Thomas,	 2007).	 Disturbance	
from	experimental	manipulation	at	treatment	nests	would,	therefore,	
need	 to	 be	 simulated	 at	 control	 nests	 such	 that	 observer-	induced	
abandonment	rates	would	be	equal	among	nests	in	both	groups.	This	
may	present	an	ethical	dilemma	for	a	species	of	conservation	concern,	






and	 careful	 consideration	of	 alternative	mechanistic	 hypotheses	 are	
warranted	when	considering	the	observational	evidence	at	hand.





cover-	surrounding	 nests.	 Indeed,	 the	 positive	 association	 between	
grass	height	and	nest	survival	 in	the	PRB	study	site	reanalyzed	here	
occurred	 in	 the	 eastern	 portion	 of	 the	 range,	 characterized	 by	 high	
spring	precipitation	and	herbaceous	vegetation	cover	compared	to	the	
rest	 of	 the	 sage-	grouse	 range	 (Doherty,	 Evans,	Coates,	 Juliusson,	&	
Fedy,	2016).	However,	there	was	no	relationship	between	grass	height	




rounded	 by	very	 short	 vegetation	 are	 rarely	 observed,	 thereby	 pre-
cluding	the	ability	to	detect	an	effect	on	survival	(Chalfoun	&	Schmidt,	
2012;	Latif	et	al.,	2012).	However,	with	data	from	15	study	site-	year	
combinations,	we	 are	 confident	we	 have	 surveyed	 a	 representative	
range	 of	 conditions	 chosen	 by	 nesting	 females.	 The	 lack	 of	 differ-
ence	in	grass	height	between	successful	and	failed	nests	across	these	
datasets	 strongly	 suggests	 that	 height	 of	 grasses	was	 not	 a	 limiting	
resource	(Figure	3).











Connelly,	 &	Delehanty,	 2008;	 Coates	&	Delehanty,	 2008).	 Previous	




avoidance	 of	 visual	 (i.e.,	 avian)	 predators	 than	 olfactory	 (i.e.,	 mam-
malian)	predators	(Conover,	Borgo,	Dritz,	Dinkins,	&	Dahlgren,	2010;	
Fogarty,	 Elmore,	 Fuhlendorf,	 &	 Loss,	 2017).	The	 lack	 of	 association	
between	height	of	grasses	and	survival	may	also	indicate	a	trade-	off	




Nest	 success	 is	 only	 one	 among	 several	 influential	 vital	 rates	
affecting	 sage-	grouse	 population	 growth,	 and	 further	 research	 is	
needed	to	address	how	structure	of	grasses	and	forbs	affects	other	
life	stages	in	sage-	grouse.	Studies	of	other	grouse	suggest	vegetation	




&	Warren,	 2002).	The	positive	 effect	 on	production	was,	 however,	
diminished	 or	 even	 reversed	 when	 grazing	 reduction	 treatments	
covered	 larger	 areas	 (Calladine	 et	al.,	 2002),	 suggesting	mosaics	 of	
vegetation	 height	 may	 confer	 greater	 benefits	 than	 uniformly	 tall	
vegetation	 (also	 see	 Baines,	 Richardson,	 &	 Warren,	 2017;	 Jahren,	
Storaas,	Willebrand,	Moa,	&	Hagen,	2016).	Taller	vegetation	may	also	
moderate	thermal	extremes	experienced	by	grouse,	a	function	which	
may	 take	 on	 increased	 importance	 under	 climate	 change	 (Hovick,	
Elmore,	Allred,	Fuhlendorf,	&	Dahlgren,	2014).	Although	selection	of	
sites	with	greater	visual	 concealment	by	brood-	rearing	sage-	grouse	
has	 been	 documented	 (Kaczor,	 Herman-	Brunson,	 &	 Jensen,	 2011;	
Schreiber	 et	al.,	 2015),	 studies	 testing	 effects	 of	 herbaceous	 veg-
etation	 structure	 on	 sage-	grouse	 chick	 survival	 are	 few	 and	 have	
produced	mixed	 results	 (Aldridge,	 2005;	Gregg	&	Crawford,	 2009).	
Recently,	 Gibson,	 Blomberg,	 et	al.	 (2016)	 found	 survival	 of	 sage-	
grouse	chicks	to	2	weeks	of	age	was	positively	associated	with	height	
of	 grasses	 surrounding	 the	 nest,	 presumably	 because	 structure	 of	
vegetation	at	the	nest	site	is	assumed	to	be	correlated	with	structure	
of	 vegetation	 encountered	 by	 the	 precocial	 chicks	 during	 the	 first	
weeks	 of	 life.	Again,	 however,	 a	 causal	 relationship	 between	 grass	


















these	 guidelines	 were	 predicated.	 While	 it	 appears	 these	 “fourth	
order”	 guidelines	 may	 place	 unwarranted	 emphasis	 on	 the	 impor-




of	 population	 declines	 among	 prairie	 grouse—but	 emphasizes	 that	
significant	 flexibility	 should	 be	 granted	 to	 local	 managers	 applying	
finer	 scale	 guidelines	 (see	Chapter	1,	 Stiver	 et	al.,	 2015).	Persistent,	
broad-	scale	 threats	 to	 sagebrush	 ecosystems	 including	 oil	 and	 gas	
development	(Naugle,	Doherty,	Walker,	Holloran,	&	Copeland,	2011),	
wildfire	 and	 invasive	 annual	 grasses	 (Coates	 et	al.,	 2016),	 cropland	












dataset	 shown	 in	 Figure	1.	 Funding	 for	 this	 research	was	 provided	
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